Abstract. It is a complex and actual task to determine promising candidates for Olympiad's final stage from the participants' number of remote qualifying stage on the basis of their points scored during the qualifying stage. In this paper estimations of winners and awardees' number of the Olympiad final stage are made depending on the value of the passing score of the Olympiad's final stage. As part of the mathematical approach of mass Olympiad participants' results evaluation, data on indices of problems' solvability and participants' distribution in the qualifying stage according to the type of solved problems and scored points are used. The proposed approach can be applied by methodical committee and the jury of massive Olympiad in the process of the contest problems' development and determination of the passing score into the Olympiads' final stage.
Introduction.
The popular form of organizing Olympiads in Informatics and programming around the world consists of two stages -remote qualifying stage and the final intramural. The features of the remote stage are a great number of participants and a similar set of problems. The originality and novelty of problems are mostly inherent to the final stage. After the qualifying stage the Organizing Committee of the Olympiad decides whom to admit to the final. This decision is often based on a simple ranking of participants' scores and methodically founded principle of identifying promising or prospective participants. One can consider the time for solution of the problem or the number of attempts to solve the problem in the case of Olympiads in programming.
Methodists have a few problems. Firstly they have to decide what types of problems to devise, the number of problems and how to determine the estimation of their difficulty using points. The crucial rule here is the tradition of Olympiads. The second problem -how to determine the number of points р th for qualifying participants into the final stage. And the third one -how to determine the winners of the finals. The last two issues are resolved with a help of expert estimation.
Let's proceed from the fact that the aim of the Olympiad or one of the stages of the competition is to identify as many talented teenagers as possible. But the more the finalists are, the more resources are involved into the Olympiad conducting process. It is necessary to find a compromise. So we must be able to build more or less reliable forecast of the winners' number depending on the participants' number.
One can apply optimization techniques or methods of game theory, but we use the method of extrapolation and linear regression.
One of the important steps that must be carried out is to determine the estimation of the complexity of the problem using points. One can consider a few approaches to the determination of the numerical weights of typical problems of qualifying stage: expert estimation (Option "A"), which is a priori and estimation by solvability index of respective problems of the qualifying stage (Option "B"), which is a posteriori estimation.
Nowadays it is an actual issue to determine the passing score "p" in the final stage of the Olympiad, as among those who are not admitted to the final stage could be the ones who would be able to cope with the proposed problems and could become winners and awardees. To solve this problem it is required to estimate the probability of problems solving by the participants of the final stage, and, accordingly, it is required to estimate the number of winners and awardees of the final stage depending on their results in the qualifying stage and the expected set and level of problems complexity of the final stage.
Method of Estimating the Passing Score
First of all each problem of the final stage should match the group of the problems of qualifying stage according to theme and difficulty level. For these groups of problems of qualifying stage one can calculate average index of solvability according to the complete data. Then let us make a table of correspondence between the indices solvability of problems of the final stage and the average solvability indices corresponding groups of qualifying stage problems.
To estimate the number of winners and awardees of the final stage of the Olympiads depending on the passing score at p < р th , method of extrapolation is used (Krug et al., 1977) .
Let K be the maximum number of qualifying stage points, N is the maximum number of the final stage points. Let's consider the random variables Х and Y (n) , 0 ≤ n ≤ N. The value х k of random variable X is the number of participants with k points after the qualifying stage and n points in the final stage. Thus, the value of (y k (n) , x k ) of twodimensional random variable (Y (n) , Х) is considered. To estimate the number of winners and awardees of the final stage, depending on the passing score when р < р th let us consider a linear regression of the random variable Y (n) to Х (Krug et al., 1977; Elfving, 1952) . Let us use a linear regression equation in the form (Cramer, 1975) 
where
-sample correlation coefficient of the random variables X and Y. Equation (1) gives an estimate of the values of a random variable, determined best by the theoretical regression equation in terms of the principle of the least square (Cramer, 1975; Ayvazian et al., 1983) .
Like the formula (1), the expressions for the partial empirical equations of linear regression for estimation of the values Y (n) have the form:
where m X , m Y (n) -sample average values of random variables Х and Y,
sample standard deviations of random variables Х and Y, where
-sample partial correlation coefficient of the random variables X and Y (n) with fixed n. Further, based on the calculated value of the random variables Y (n) , let us construct a family {Ψ р } of distributions of the participants' number according to scored points in the final stage, depending on the passing score p. For each of the distributions Ψ р random variable Y (n) values are calculated λ р , μ р . Here p is the passing score into the final stage, λ р is the number of stage winners, μ р is the number of stage winners and awardees.
Applying of Passing Score Estimation for Determining the Number of the Olympiads' Final Stage Winners
Every year in the series of Olympiads in Informatics, held by ITMO University, about 4,000 students from 11 th form of all federal regions of the Russian Federation participate in them. Olympiads are divided into two stages: the qualifying (remote) and final (intramural). Qualifying stage is divided into three rounds and lasts about four months. During the qualifying stage the participants are offered problems of all relevant school curriculum of computer science. To take part in the final stage those participants are admitted who received the passing score, which is established by Olympiad's jury.
Methodical Olympiad committee develop problems for qualifying and final stages, according to the criteria of determining the winners and awardees approved by the organizing committee. Thus, in accordance with the criteria, winner is the participant who decides both creative problems of programming technologies with proper solutions for at least 9 out of 10 problems on general issues of computer science & ICT at reproduction and usage levels. Awardee is the participant who solves 9 out of 10 problems on general issues of computer science & ICT, and neither managed nor solved creative problems. Thus, it can be stated that Olympiad's awardee knows perfectly well Com-puter Science & ICT at the levels of reproduction and use, but has not yet reached the level of creative mastery of the subject. Methodical committee and Olympiad's jury determine points for the final stage' problems, taking into account the above mentioned criteria. In determining the winners and awardees of the Olympiad's stage it is necessary to consider the following additional requirements: the winners' and awardees' number should not exceed 45% and the winners' number should not exceed 10% of the participants' number of that stage.
In a series of 2009-2010 academic year Olympiads, participants admitted to the final stage were those who scored 23 or more points out of 90 possible. Thus, the passing score is р th = 23. The participants' number of the final stage is 931 students of 11 th form. Virtually, less than a third of participants were admitted to participate in the final stage. Table 1 .
The analysis shows that there is no direct correlation between the solvability index of the qualifying stage problems and solvability index of the corresponding types of the final stage problems. To estimate the number of final stage winners and prize-winners, depending on the value of the passing score when p < 23, it is necessary to determine the principles of assigning points for the final stage problems. Several approaches are 29,43 39,42 33,30 33,51 8,92 40,49 29,32 34,59 32,01 46,62 15,79 17,08 considered: expert evaluation (option "A"), evaluation according to solvability index of corresponding problems of the qualifying stage (Option "B") .
Using the data of Table 2 and the actual results of the participants, participants' distribution of the final stage is made according to scored points for options "A" and "B" points' distribution according to problems (Fig. 2 and Fig. 3) .
Besides, the error estimation of the options «A» and «B» in terms of principle ranking participants according to scored points, rather than types of solved problems. The Table 2 Scores distribution according to problems Количество участников
Количество баллов
The number of scored points
The number of participants Table 2 ).
error/ inaccuracy occurs when the winner or the awardee is determined by the number of scored points, rather than composition of solved problems and means that the participant actually decided the set of problems meeting the winner criteria, but because of scored points attributed to the awardees, and vice versa. "B" is preferred option of the two options «A» and «B», because it gives a smaller amount of error in comparison with the option «A» (see: Table 3 ).
The calculations of the values of the random variable allow with regard for the results of the qualifying stage -problems' solvability index and participants' distribution according to scored points -to estimate when p < 23 the number of the final stage winners Data in Fig. 4 show the steady increase in the number of the final stage winners with a decrease in the values of a passing score.
The histogram in Fig. 5 shows the calculated values of the final stage winners' percentage depending on the passing score value obtained with the help of the distribution of Table 3 The error/inaccuracy of the method of identifying winners and awardees' groups composition Error: winner-awardee Overall error 5  7  9  11  13  15  17  19  21  23  25  27  29  31  33  35  37  39  41  43  45  47  49  51  53  55  57  59  61  63  65  67  69  71  73  75  77  79 Количество победителей этапа Проходной балл The number of stage winners The passing score 6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50 Процент победителей
Проходной балл
The passing score
The percentage of winners 
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qualifying round participants according to points (see: Fig. 1 ), problems 'solvability indices (see : Table 1 ) and option "B" points distribution according to problems (see : Table 3 ).
Conclusion
In this paper a method of estimating the amount of the final stage winners of the Olympiad is proposed, depending on the value of passing score p in the final stage of the Olympiad. It is obvious that there is a correlation between distribution of final stage participants according to scored points and distribution of qualifying stage participants according to scored points and an additional parameter -passing score in the final stage.
The results can be used to create methods for the development and estimation of problems' complexity of mass competition and Olympiad's finals.
